Introduction
Through the introduction of high performance liquid chromatography (HPLC) into the analytics of phospholipids (PL) it has become possible to detect the main PL in amniotic fluid quantitatively and with high sensitivity. So HPLC has enabled advances in fetal lung maturity determination as one of the main problems in perinatology [1, 2, 3] . Nevertheless quantitation by HPLC is limited due to the absence of a universal detector to measure molar quantities. UV detection is convenient but has the disadvantage that carbon double bounds of unsaturated PL produce higher UVsignals than the carbonyl groups of the disaturated dipalmitoyl lecithin as the main component of the surfactant lecithin. On the other hand HPLC detection systems like fluorescence detection [7] or differential refractometric (RI) detection [4] are very sophisticated and the determinations are very time consuming because of post column derivatisation of the compounds [7J. Identification of PL by mass detection is even more expensive, time consuming and difficult to handle [9] .
For clinical use these detection methods are no alternatives for easy to handle UV-equipment, if the influence of the unsaturated PL-compounds is minimized by optimized column separation conditions.
Publications of PISON et al. [6] and D'CosTA et al. [2] validate the HPLC-UV-results by comparison with thinlayer Chromatographie determination, but the demonstrated HPLC chromatograms [2] (figure 1) are unsatisfactory. So the first aim of our work had to be the optimisation of the column conditions.
Since phospholipids are not only to be found in amniotic fluid they are of general interest. So it seemed to be important to check the validity of the method in other biological fluids like tracheal secretion, gastric aspirate, lung lavages, human milk, cow's milk and also in infant formulas. Therefore the second aim of our work was to extend the spectrum of application of our HPLC method. The necessary improvements and modifications can be summarized in two points: a) Alteration of the extraction procedure to complete the extraction of phosphatidylethanolamine (PE) and phosphatidyHnositol (PI) in order to make a second extraction superfluous. This second extraction is very time consuming and cannot be performed in media like milk and tracheal secretion due to the presence of other ingredients, for example, high fat contents. b) Improvement of the layer separation, since there is no separation of the extraction layers in amniotic fluid samples containing large amounts of meconium.
Materials and methods

Standards and reagents
The following phospholipids listed were purchased from SIGMA (Munich, FRG): phosphatidylglycerol (PG) (ammonium salt, egg yolk), phosphatidyHnositol (PI) (ammonium salt, soybean) phosphatidylethanolamine (PE) (lecithin typ III, egg yolk), phosphatidylcholine (PC) (lecithin type III E, egg yolk) sphingomyelin (SP) .(bovine brain) and lysolecithin (LL) (type I, soybean). Acetonitril (HPLC-grade) was obtained from PROMO-CHEM (Hamburg-Wesel, FRG). We use chloro- form and methanol in the pro analysi quality for the extraction, and for the chromatography in the Lichrosolv quality from MERCK (Darmstadt, FRG). Furthermore aqua tridest is used.
Preparation of the samples
The clean up of amniotic fluid samples is different from the other media in some points and will therefore be described separately as follows:
Amniotic fluid
Amniotic fluid, either freshly withdrawn or stored at -18 °C is centrifuged for 10 minutes at 700 g (2500 rpm rotor radius 10 cm). 1,5 ml of the supernatand is pipetted into a glass centrifuge tube with cut and point and mixed with 30 g lysolecithin as internal standard. A LL solution is used diluted with 2 g LL^g chloroform-methanol 2:1 (v/v).
Other media
Since phospholipids are widespread in biological materials, it seemed very important to us to prove the validity of the method in different media. Consistency, viscosity, composition and concentrations of the various media differ in a broad spectrum. Therefore a comment should be made on the prepreparation of the samples and on the minimum amounts. Later the samples are dealt with in exactly the same way as amniotic fluid. However, the amounts of the single PL components, as the results given later will show, vary a lot. Table I illustrates the 10 different media that have already been examined for their phospholipid content. Among these there are also some media taken However due to the small amount of amniotic fluid in pregnant rats this is mostly not available; even when the amniotic fluid samples of a mother animal are pooled after cesarean section. The minimum of 0.5 g tracheal secretion of the newborn refers to undiluted samples. If the newborn has aspirated deeply, that is if the tracheal secretion is strongly diluted with amniotic fluid, then a larger amount of l g or more is necessary, due to the smaller PL concentrations. 100 ml rinsing liquid -normally physiologic saline solution -is used for the alveolar lavages of rats and for the bronchial lavages of humans. Experience has shown that only about 60 ml of the 100 ml solution used can be recovered. 2 ml of this amount should be dealt with at a time.
It should also be noted that LL cannot be used as the internal standard for samples that already contain lysolecithin. This is the case in some formulas, for example "APONTI1" [5] . In such cases the whole amount of the bottom layer and the amount of the transferred aliquote have to be determined for the calculation of the absolute concentrations after extraction. Instead of the normal glass tubes graduated centrifuge tubes have to be used. The evaluation in these cases was made according to the 100% method (see chapter 2.4).
Extraction
3.25 ml chloroform, 2.75 ml methanol and 1.50 ml of the centrifugate to be examined were pipetted into each tube. In serial runs the chloroformmethanol mixture can be mixed in advance at a ratio of 1.18:1 (for example, 325 ml chloroform + 275 ml methanol) in order to simplify the procedure. 6.0 ml of this solution are used for each examination. The samples are sealed with a glass stopper, shaken by hand for 5 minutes and are deposited in an ice-bath for 5 minutes for better separation of layers. Then the samples are centrifuged at 800 g (3000 rpm, rotor radius 10 cm) for 3 minutes. Afterwards the bottom layer is carefully removed using a 5 ml disposable syringe with a canula (0.9 χ 110 mm) and transfered into another glass centrifuge pointed tube. One must take care that no contamination from the upper layer gets into the canula. This is done by carefully pressing some air out of the syringe into the solution when transferring the canula into the bottom layer. The bottom layer pipetted in this way is then evaporated by pure nitrogen to complete dryness. In order to accelerate this procedure, the samples are warmed up slightly in an air bath. After cooling of the glass centrifuge tube with ice for a short time, the residue is absorbed immediately in 100 μΐ chloroform-methanol (Lichrosolv) at a ratio of 2:1 (v/v) before being injected into the HPLC injection valve. 20 μΐ of this solution are injected into the HPLC equipment at a time.
Chromatographie analysis
The phospholipids PG, PI, PE, PC, SP and LL obtained from the chloroform layer of the extraction are separated using HPLC equipment supplied by KNAUER (Berlin, FRG). The measuring unit consists of:
two HPLC pumps, an HPLC programmer, a column oven and a variable wavelength detector. Quantitation was carried out by integration of the peak areas by a SHIMADZU C-R3A integrator. To improve the quantitation of the chromatograms we supplemented the apparatus by using a television screen with an extra keyboard and floppy disc for storing the chromatograms.
For separation we used a 25 cm χ 0.46 cm column packed with 5 um Lichrosorb DIOL from MERCK (Darmstadt, FRG), and a 6 cm χ 0.46 cm guard column packed with 5 μπι Lichrosorb SI 60 and a sample enriching content packed with 7 urn Lichrosorb SI 100, also from MERCK. The oven temperature was 55 °C and the detection wavelength was 201 nm. The mobile phase was composed of solvent A: acetonitrile and solvent B: acetonitrilewater 4:1, (v/v). The flow rate was constant at 2.5 ml/min. The following solvent gradient was used: start with A = 88%, Β = 12%, from 5 until 7 minutes linear rise up to Β = 23%, from 8 to 11 minutes linear rise up to Β = 70%, from the beginning to the end of the 12th minute a linear rise up to Β = 75%. This mixture is kept on a constant level until the end of the 18th minute. The content of B falls linearly to 12% during the 19th minute. Figure 1 shows the tracing of the chromatogram and the described gradient course of an amniotic fluid sample taken in the 36th week of gestation.
Because the variable water content of the eluents produces an unstable baseline, all the chromatograms had to be baseline corrected. A blank chromatogram is traced for this purpose and is subtracted from the sample chromatogram by the computer. Depending on the LL-content there are two ways of quantitating the results: a) automatic quantitation using the "internal standard method": we use LL as internal standard for quantitative determination of the phospholipids. This substance is particularly well suited for this examination. It has a suitable retention time and is normally below detection limit in the media examined. Quantitation occurs automatically using computer calculation giving single concentrations in mg/100 ml. The calibration curve was achieved using a solution (chloroform-methanol 2:1) containing 2 μg of the phospholipids to be examined.
b) manual quantitation following the "100% method": samples that already contain LL are extracted and measured without the addition of LL as internal standard. In these cases the quantitation is done according to the 100% method. The amounts of the single components are calculated through comparisons of the peaks of the samples with those of a standard mixture.
Verification of the method
Linearity and detection limits
The linearity of the measuring signals has already been proved in our earlier published examination [3] . When examining the standard solution there was a detection limit of 0.1 μg/100 ml in all of the PL examined. In amniotic fluid the detection limits are at about 0.2 μg/100 ml. However if other biological materials like milk [5] or tracheal secretions [8] are examined, containing a high fat level or other interfering components, then the detection limits can even rise to above 0.3 μg/100 ml. Quantitation problems can occur in these cases due to superimposition particularly when determining PG on account of the enlargement of the peaks appearing first on the chromatogram.
Recovery rates
Recovery rates in a standard mixture
To determine the recovery rates in a standard mixture 15 μΐ of a PL standard solution, containing 15 μg of the phospholipids PG, PI, PE, PC, SP and LL were diluted with aqua tridest to 1.5 ml and were prepared and analysed as described in chapter 2.3 and 2.4. The results can be seen in 
Recovery rates in a dilution run
To determine the recovery rates amniotic fluid samples from the 40th week of gestation were diluted in the ratio of 3:1, 1:1 respectively 1:3 (v/v) with samples of amniotic fluid from the 17th week of gestation. In this way the recovery rates can be checked under realistic and comparable conditions. The contents of the phospholipids examined in the original amniotic fluid samples are given in table III. In amniotic fluid from the 17th week of gestation PG lies below the detection limit. According to the fact that Pi-production is foremost accelerated during the 2nd trimenon of pregnancy, Pi-values are just above the detection limit. Table IV shows the amounts measured in the corresponding mixtures in mg/100 ml. The recovery rates are given in table V in percentage. The levels fluctuate around the theoretical level of 100%. Such fluctuations are justifiable in biological material.
Precision
Determination of the precision in a standard solution
The precision of the series of runs and the precision from day to day in a standard solution of the phospholipids was determined to provide further statistical protection of the method. shows the results. When determining the precision in the series 8 similar standard solutions are examined in one day. In this series 1 mg/100 ml (corresponding to 15 μg substance per examination) is added to each of the PL to be examined. The coefficient of variation (CV) fluctuates between 3.8% and 5.5% with a mean of 4.9%. When determining the day to day precision, 5 samples were examined over 6 days. The CV values fluctuate between 3.4% and 16.8% with a mean of 5.5%.
fluid Determination of the precision in amniotic
Mature amniotic fluid from the 36th week of gestation was examined to answer the question whether the precision of the method also meets the demands in this natural material. Table VII shows the results of the precision in the series of 11 samples examined. Here the CV fluctuates between 1.8% and 5.3%, the mean is 3.1%. 
Results and discussion
The results demonstrate that by improving the extraction procedure PE and PI can be quantitatively separated and so the second extraction step can be saved. In this way we gain about 40 minutes per analysis. This advantage is not offset by any disadvantage since the measured detection limits, the recovery rates and the precision both per day and the precision from day to day are as good as the results achieved in the method already described [3] . The sufficient precision and reliability The chromatograms show sufficient separation of the peaks in all the media examined. The quantitation is of course difficult when certain components like PG or SP are only available in small quantities. Figure 2 shows the chromatogram of a bronchial lavage of an adult with low content of SP and a large amount of PC. Despite these great differences in concentration it is still possible in this case to get a sufficiently precise quantitation. Another example of the use of this method is given in the chromatogram of an infant formula (APONTI PRE), shown in figure 3 . This product contains large amounts of PG. APONTI 1 on the other hand contains small amounts of LL. We have already reported on this result [5] . Further examinations will have to be made to prove the nutritional benefit of these components. Figure3. HPLC chromatogram of an infant formula (APONTI PRE).
In summarizing the results it can be said that the HPLC method for determining the main phospholipids described here is an improvement compared to previous procedures and is able to detect the main phospholipids specifically and quantitatively in other biological media recently with standard HPLC equipment. Phospholipids carry an important function in many spheres of medicine. The improvement in specific, quantitative methods for their determination is therefore of great importance.
Abstract
A one step HPLC method for the determination of the main phospholipids, phosphatidylglycerol (PG), phosphatidylinositol (PI), phosphatidylethanolamine (PE), phosphatidylcholine (PC), sphingomyelin (SP) and lysolecithin (LL) in amniotic fluid, milk, tracheal secretion, lung lavages, gastric aspirates, infant formulas and some other human and animal media has been developed.
Quantitation occurs automatically using computer calculation and lysolecithin as an internal standard. Detection limits are at about 0.2 μ §/100 ml but may rise to about 0.3 μ §/100 ml in cases of high fat levels or other interfering compounds. Les resultats demontrent qu'en ameliorant la technique d'extraction, on peut separer quantitativement PE et PI et ainsi eviter l'etape de la seconde extraction. Et par la, le gain est de 40 minutes par analyse. Cet avantage n'est pas contrebalance par quelque desavantage puisque les limites de detection mesurees, les taux de recuperation ainsi que la precision qu'elle soit quotidienne ou jour apres jour sont aussi bons que les resultats obtenus par les methodes dejä decrites [3] . La precision et la fiabilite süffisantes de la methode et la separation base par base des composants PL prouvent qu'il n'y a pas d'interference appreciable de detection UV avec les composants PL insatures. Le temps necessaire pour une seule analyse comprenant la mise ä zero et la mesure des echantillons standards represente environ 2 heures. Lorsqu'on effectue des examens en serie le temps necessaire est nettement moindre de teile sorte que peut mesurer chaque jour jusqu'ä 12 echantillons et le temps necessaire par echantillon se reduit ä environ 40 minutes. Les chromatogrammes montrent une separation süffi-sante des pics pour tous les milieux examines. La quantification est de fait difficile lorsque certains composants tels que PG ou SP n'existent qu'en faible quantite. La figure 2 montre les chromatogrammes d'un lavage bronchique d'un nouveau-ne avec une faible teneur en SP et de grandes quantites de PC. Malgre ces grandes differences de concentration, il est encore possible dans ce cas d'obtenir une quantification suffisemment precise. Un autre exemple de Putilisation de cette methode est fourni par les chromatogrammes d'un lait pour bebe, montre dans la figure 3. Ce produit contient de grandes quantites de PG. La methode proposee represente une amelioration en comparaison des techniques precedentes et est capable de detecter les phospholipides principaux tant specifiquement que quantativement dans d'autres milieux biologiques, celä de facon recente avec un equipement standard HPLC. Comme les phospholipides supportent une fonction importante dans de nombreuses spheres medicales, Amelioration des methodes specifiques et quantitatives de dosage revet une grande importance.
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